We have investigated differential mechanism for differentiation of human peripheral blood resting B cells to Ig-secreting cells. Purified resting B cells were further fractionated into subsets by discontinuous density gradients of Percoll, and proliferation and differentiation responses to Staphylococcus anreus Cowan I (SAC) and/or T cell-derived soluble factors were studied.
Introduction
In the past several years, there has emerged a new conceptual framework for viewing the mechanism by which resting B lymphocytes are activated during an antigenic encounter, and the proliferation and differentiation events occur after the initial stages of activation (1) (2) (3) (4) (5) . Although never explicitly stated, the framework can be readily outlined in animal (1, 2) as well as human models (3) (4) (5) . Resting B cells become activated via cross-linking of membrane Ig receptors by affinity-purified anti-Ig antibodies or Ig cross-linking materials such as Staphylococcus aureus Cowan I (SAC)' as polyclonal analogs for antigen (6-9), or via occupancy of membrane Ig receptors by antigens and cognate T cell interactions involving the Ta antigens of resting B cells (10) (11) (12) . Activation of resting B cells via either mechanism results in functional expression of receptors for soluble proliferation and/or differentiation factors (1) (2) (3) (4) (5) (13) (14) (15) , so that a major fraction of B cells that once are activated can be driven through proliferation and differentiation to Ig secretion solely with aid ofthe appropriate soluble factors (1) (2) (3) (4) (5) (13) (14) (15) . However, it has remained an area ofcontroversy whether the proliferation event is a prerequisite to the B cell differentiation, without which subsequent responsiveness to soluble differentiation factors and maturation to Ig-secreting cells do not occur (16) (17) (18) (19) , or alternatively, whether after the initial activation of B cells, some, but not all, of the B cells could directly mature to Ig-secreting cells without undergoing the proliferation event (4, (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) .
In the present studies, we have addressed these questions using human B cell subsets separated by a centrifugation of Percoll discontinuous density gradient. B cell subsets were cultured with SAC in presence or absence of T cell-derived soluble factors, and their proliferation and Ig production measured. We have found that (a) some subsets of resting B cells (that sediment in a low density fraction) can not proliferate in response to SAC and/or soluble factors, but rather directly differentiate into Ig-secreting cells in presence of SAC plus soluble factors; (b) another subsets of resting B cells (that sediment in a high density fraction) can be induced by (Ortho Pharmaceutical) . Ali these purification procedures were repeated twice and have been described in detail elsewhere (32, 33) . The Preparation ofpartially purified T cell-derived solublefactors. Peripheral blood mononuclear cells from different healthy subjects (2.5 X 106/ml) were stimulated for 48 h with PHA (1 gg/ml). The supernatants were collected and purified by several chromatographic steps as described elsewhere (34, 35) . In brief, after ultrafiltration, the supernatants were concentrated by (NH4)2SO4 precipitation, subsequently further purified by (NH4)2SO4 fractionation, and then dialyzed. The dialyzed active material was passed over an anion-exchange chromatographic column (DEAE-Sepharose). Helper factor activity that can drive activated B cells to proliferate and to secrete Ig eluted as a broad peak centered at -0.07 M NaCl. The helper factor-containing material was further purified using gel filtration with Ultrogel, and sequential polyacrylamide gel electrophoresis containing SDS. The resultant material was designated partially purified T cell-derived soluble factors. The characterization of the factors obtained has been described previously (34, 35) . The factors obtained had neither PHA activity, IL-l activity, or interferon y activity; they contained B cell growth factor activity and B cell differentiation factor activity as well as IL-2 activity when measured by using an assay system as described elsewhere (32, 33) .
Density gradient separation ofB cells. B cells were further separated by centrifugation on discontinuous Percoll density gradients according to the method of Dagg et al. (36, 37) . Briefly, 5 X 107-l5 X 107 B cells, suspended in 2.5 ml of 30% Percoll (Pharmacia Fine Chemicals) were layered onto the gradients ranging from 45 to 60% Percoll in 5% increments of 2.5 ml in 15-ml centrifuge tubes (Iwaki Glass, Tokyo, Japan). The gradients were centrifuged at 3,000 g for 5 55 and 60% Percoll (each value represents the mean from 12 normal subjects±SD). The relative size of cells (cell diameter) within the B cell subsets as compared with the average size of the total B lymphocyte population was calculated from the forward-angle light scatter analysis using FACStar, and the results are summarized in Table I . With a transition from the higher density fraction to the less dense fraction of Percoll discontinuous density gradients, there was a progressive increase in cell size; cells sedimenting in the layer between 55 and 60% Percoll (high density fraction) and those, in the layer between 45 and 50% Percoll (low density fraction) were of small and large B cells, respectively.
Mostly, all B cells sedimenting into the high density fraction (fraction between 55 and 60% Percoll) expressed both IgM and IgD on their surfaces; in contrast, they did not express at all OKT9 and Tac antigens on the surfaces, both of which are known to be markers of activated B cells (40, 42, 43) (Table I) . There was increasing proportion of surface IgM+, IgD-B cells with a transition into less dense fractions (Table I) B cells sedimenting in the low density fraction (layer between 45 and 50% Percoll) ( Table I) . Cell cycle analysis of the B cell subsets was also performed. Preparations of B cell subsets were processed for cellular DNA analysis as described elsewhere (39, 44) . B cell subsets were fixed with 99% ethyl alcohol, washed twice, and incubated at 370C with RNase, 40 U/ml, for 1 h (39, 44). The cellular materials were then stained in a single step with a staining solution containing ethidium bromide, using the low-salt procedure described by Vindel0v (44) . Thereafter, the materials were analyzed on an Ortho Spectrum III, and a minimum of 1 X 104 cells were accumulated for each DNA histogram. It was shown that > 99% of the cells in each of all the fractions had accumulated in GO/GI phase ofcell cycle (Table I) (Table I) . Moreover, addition of partially purified T cell-derived soluble factors (Table I) Fig. 1 ). When T cell-derived soluble factors were added at the beginning of SAC-stimulated culture, the proliferative state of the higher density B cells could be sustained even on day 7 (Fig. 2) . Note here again that even in the presence of T cell factors, low density B cells lack the ability to proliferate in response to SAC regardless of culture periods (Fig. 2) . PFC responses ofB cell subsets to SAC in presence ofT cell factors. The in vitro IgM-PFC responses to SAC in presence or absence of T cell-derived soluble factors were also examined for B cells in individual fractions. When SAC was added to B cells in absence of T cell factors, IgM-PFC responses were not induced at all in B cells from any fractions (data not shown). As shown in Fig. 3 , the addition of both SAC and T cell factors to cultures of either B cells sedimenting in the low density fraction or those in the intermediate fraction resulted in considerable IgM-PFC responses; only marginal PFC responses, however, occurred in the B cells with high density. This was true regardless of SAC concentrations (data not shown) and culture periods (Fig. 3) . These data suggest that there may exist differential activation mechanisms in B cell subsets. Small, high density resting B cells preferentially proliferate in response to SAC in an antigen-mimic fashion; the bulk of these B cells, however, can not be subsequently driven by SAC to differentiate into Ig-secreting cells even in presence of T cell factors. On the contrary, although the cells in the fraction of large, low density resting B cells appear to lack the ability to proliferate in response to SAC regardless of presence of T cell factors, they can differentiate into Ig-secreting cells directly in response to SAC plus T cell factors.
To further characterize the possible role of proliferation in differentiation of the cells in the fraction of low density B cells to Ig-secreting cells, we added varying concentrations of DNA synthesis inhibitor Ara-C to cultures of B cell subsets. As noted in Table II, addition (Fig. 4) (Fig. 5) . Their differentiation required restimulation with SAC and T cell factors (Fig. 5) Of particular interest that emerged from the above experiments is the fact that SAC-stimulation could induce differentiation of two discrete B cell subsets via two distinct activation pathways: small, high density resting (preproliferated) B cells are induced by SAC to proliferate (Fig. 1) , and the proliferating cells are in turn stimulated to secrete Ig in response to T cell factors (Fig. 4) ; large, low density resting (postproliferated) B cells are stimulated by SAC in presence of T cell factors to differentiate into Ig-secreting cells without active proliferation (Figs. 3 and 5 ).
Discussion
The present study demonstrates a functional heterogeneity in human peripheral blood B lymphocytes. By using density gra-dient separation techniques, human peripheral blood B lymphocytes can be divided into at least two fractions based on their differential ability at replication and differentiation into Ig-secreting cells in response to SAC and/or T cell factors. Small, high density resting B cells preferentially proliferate in response to SAC with subsequent poor differentiation into Igsecreting cells even in presence of T cell factors; in contrast, large, low density resting B cells appear to lack proliferation when stimulated with SAC, nevertheless they are induced by SAC in presence of T cell factors to produce Ig. These distinct functional properties are not due to complete depletion of monocytes because adding back of monocyte to cultures ofthe high density and low density B cells results in neither differentiation of the former cells nor proliferation of the latter cells (Table III) . The experiments using DNA synthesis inhibitor Ara-C further indicate that active proliferation is not an obligatory prerequisite for maturation of the low density B cells to Ig-secreting cells. Similar results regarding the functional heterogeneity of density-separated B cells have been also reported in murine systems as well as human systems (46) (47) (48) (49) .
With regard to characteristics of intermediate density B cells, it remains to be elucidated whether they constitute a unique subset that can be distinguished from the high and low density B cell subsets, or alternatively, whether they are simply a combined subset of these two subsets. Considering differential sensitivity to Ara-C in the intermediate density B cells and either low or high density B cells, it is possible that intermediate density B cells are functionally different from other B cell subsets. Experiments to further address this issue are currently under investigation.
In accordance with our findings, some subsets of human B cells have been described to differentiate into Ig-secreting cells without cell division (20, 21, 24, 25, (27) (28) (29) (30) (31) 
